Extending the Higgs sector of the MSSM by triplets alleviates the little hierarchy problem and naturally allows for enhancements in the diphoton decay rate of the lightest CP-even Higgs h. In the present paper we analyze in detail the Higgs phenomenology of this theory with m h ≃ 126 GeV. We mostly focus on a light Higgs sector where the pseudoscalar A, the next-to-lightest CP-even scalar H and the charged H ± Higgses are naturally at the electroweak scale. It turns out that for any value m A m h there is a parameter region at small tan β where the CP-even Higgs sector appears at colliders as the SM one, except for loop-induced corrections. Notably the existence of this SM-like point, which is absent in the MSSM, is shared with supersymmetric theories where there are extra singlets. We also highlight a second parameter region at small m A and small tan β where the h signal strengths, diphoton channel included, are SM-like except those of bottoms and taus which can have at most a 10-15% splitting. Improvements in the A and H ± searches are worthwhile in order to discriminate this scenario from the SM.
Introduction
The ATLAS and CMS collaborations at CERN are currently finding no clear discrepancies between the collected data and the predictions of the Standard Model (SM) with a Higgs mass around 126 GeV [1, 2] . Any firm conclusion about the lack of relevant new physics in the LHC data is however impossible because of the experimental uncertainties still being too large at present. Many theoretical works have thus elaborated plausible SM extensions in view that some of the present experimental anomalies will be confirmed with less statistical error, as for instance the γγ, bb and τ τ Higgs rates. In this sense many efforts have been made to extend the SM [3] [4] [5] [6] [7] or to look for appropriate parameter regions in the minimal (MSSM) or non-minimal supersymmetric SM extensions [8] [9] [10] [11] [12] , as those including extra singlets (NMSSM) [13] [14] [15] [16] [17] [18] and triplets [19] [20] [21] (or even in the presence of effective operators beyond the MSSM [22] ), whose original motivation, besides adjusting the LHC data, is to solve the hierarchy problem.
Although the MSSM solves the hierarchy problem, i.e. it provides a technical solution to the existence of a grand hierarchy between the GUT (or Planck) and the electroweak scales, it requires an (unpleasant) amount of fine tuning in the electroweak sector in order to reproduce the 125-126 GeV Higgs mass, the so-called little hierarchy problem. Nonminimal supersymmetric scenarios generically alleviate the little hierarchy problem since they provide an extra tree-level contribution to the SM-like Higgs mass which makes the theory less dependent on large radiative corrections and, in turn, on large values of the supersymmetry breaking scale. If one keeps the SM group SU(3) c ⊗ SU(2) L ⊗ U(1) Y as the gauge symmetry of the theory the only remaining possibility (assuming renormalizable couplings) is to introduce an extra sector of chiral superfields coupled to the MSSM Higgs sector in the superpotential. These extended models are then limited to involving only extra singlets and/or triplets with hypercharges Y = 0, ±1 [23, 24] . In comparison with singlet extensions, models with triplets present the extra bonus of having new charginos which can be strongly (but perturbatively) coupled to the Higgs sector and may radiatively rise the γγ production rate above the SM prediction. Therefore, if these radiative corrections are small, as for instance when the new charginos are heavy enough, the phenomenology of the model is expected to be similar to that of supersymmetric theories with extra singlets weakly mixed with Higgs doublets.
The simplest of such a MSSM extension, i.e. a Y = 0 triplet coupled to the Higgs sector with a superpotential coupling λ, was investigated in Ref. [20] in the decoupling limit, i.e. for the CP-odd Higgs mass m A much larger than the electroweak scale. In this case the tree-level couplings of the lightest Higgs h to the SM particles equal those of the SM and the major potential signature of the model is an enhancement in processes mediated by charginos, in particular the decay rate of the h → γγ channel [20] . The decoupling regime however introduces a sizeable amount of fine-tuning in the model as, in the minimization conditions of the Higgs potential, cancellations of O(m 2 A ) terms are required to fix the Z boson squared mass m 2 Z to its experimental value. It is therefore compelling to abandon the decoupling regime and consider m A at the electroweak scale.
In this paper we make a detailed study of the Y = 0 triplet extension of the MSSM, for a value of the light Higgs mass m h ≃ 126 GeV in the non-decoupling regime, where the masses of the remaining MSSM Higgs scalars (H, A, H ± ) are at the electroweak scale. Stops and scalar triplets are instead assumed at the TeV scale in agreement with collider and electroweak precision observables [25] , and so their radiative corrections to the Higgs production and decay rates are consequently small [20, 26] . The most striking result of the paper is that for any value of m A m h there is a SM-like point at tan β = tan β c and λ = λ c (whose explicit value depends on the rest of supersymmetric parameters) where the tree-level Higgs couplings g hXX (with X = W, Z, b, t, τ, where b, t, τ stand respectively for down quarks, up quarks and charged leptons of the three families) equal the SM values and only a departure in the branching ratio of h → γγ, as large as 40%, can appear depending on the chargino spectrum. This means that the region around the SM-like point is consistent with actual experimental data. Given the present large experimental uncertainties no attempt has been made to fit the ATLAS and CMS measurements, a task which will be compelling in the future when experimental data will be more precise. Moreover, depending on the value of m A , there can exist a second point at λ > λ c where the couplings g hXX (X = t, W, Z, γ) are similar to the SM ones, while there is a splitting between the bb and τ τ channels produced by radiative corrections. The region around this point will also deserve a more detailed analysis when more accurate experimental data will be available.
The outlook of the paper is as follows. In section 2 we introduce the model. Its scalar sector (including the minimization conditions for the electroweak minimum and scalar masses including radiative corrections) and the chargino sector, which will be relevant for the diphoton production. In particular we pay particular attention to the appearance of the SM-like point already mentioned. In section 3 the Higgs coupling are presented and it is explicitly shown how the branching ratios of the bb, τ τ, tt, W W, and ZZ channels normalized to their SM values are precisely equal to one at the SM-like point for any value of m A m h while the actual value for the γγ channel presents an enhancement with respect to the SM value depending on the spectrum of chargino masses. The Higgs production rates are analyzed in detail in section 4 where a particular example with m A = 140 GeV is exhibited as a function of λ for both gluon-fusion and vector boson fusion production mechanisms. The appearance of the SM-like point, as well as the existence of the second point compatible with present experimental data, is made explicit. We also present results on the production of the nextto-lightest CP-even Higgs (with a mass around 140 GeV) that explain why this particle has been undetected in the present LHC data. All these results are obtained by means of an approximation dealing with the scalar triplet being decoupled from the Higgs doublets (fully justified if the scalar triplet is sufficiently heavy), which implies a tiny contribution to the T parameter triggered by the triplet vacuum expectation value (VEV), and in section 5 we check the accuracy of this approximation. We find that in our analysis the approximation leads to a theoretical error on the Higgs mass of ±0.5 GeV, which is smaller than the expected uncertainty from unconsidered radiative contributions. On the other hand the error made in the determination of the Higgs couplings is less than 1%. Finally in section 6 we consider the full case where the triplet can be rather light and get mixed with the doublet scalars as much as the present experimental bounds on the T parameter allows for. Instead of a general analysis, which is outside the scope of the present paper, we focus on the trajectory of the SM-like points corresponding to a scalar triplet mass decreasing from large to smaller values in agreement with electroweak constraints. It turns out that the maximum allowed value of the γγ production rate increases as the triplet scalar mass decreases and it can reach at most a 40% enhancement with respect to the SM value. Finally some technical details concerning the existence of the SM-like point are shown in the appendix.
The model
A Y = 0 triplet Σ is described by its electrically charged and neutral components, ξ 
The most general renormalizable superpotential that couples Σ to the Higgs sector is given by
where A · B ≡ ǫ ij A i B j with ǫ 21 = −ǫ 12 = 1 and ǫ 22 = ǫ 11 = 0. In the superpotential the identity Tr(Σ 3 ) ≡ 0 prevents the presence of the cubic term involving ξ 0 and ξ ± . The new parameters (including soft terms) with respect to the MSSM are then, the superpotential coupling λ, the supersymmetric mass µ Σ , the soft-breaking masses m 4 and B Σ and the trilinear soft-breaking parameter A λ , and we assume no CP violation in the Higgs sector.
The scalar triplet-Higgs sector
The tree-level potential for the neutral components of the Higgs and triplet sector, H 0 1,2 and ξ 0 , is given by
3)
The experimental bound on the T -parameter constrains the parameters of the potential. It requires the VEV of ξ 0 to be around or below the GeV scale. Unless there is a fine tuning, 1 The analysis of the full triplet-Higgs potential including the components ξ is quite cumbersome. It can be easily imposed however that the physical minimum where none of these electricallycharged fields acquires a VEV is stable or at least long-lived [24] . We can then carry out perturbation theory around this minimum.
where h t = m t /(v sin β) and the parameters µ and A t are assumed to be much smaller than the (common) stop supersymmetry breaking mass m Q .
By expanding the one-loop effective potential with the above stop and triplet spectrum, it turns out that the tree-level minimization conditions (2.7) have to be corrected by the amount 
Moreover from the triplet sector the matrix M 2 0 receives the radiative contributions 14) while the stop sector provides the corrections 12 some subleading terms are included for completeness (cf. e.g. [33] ). We instead omit ∆tM 2 22 since it is negligible when |µ| 2 , |A t | 2 ≪ m 2 Q as bottom Yukawa, hypercharge and weak coupling contributions are subdominant to radiative corrections proportional to λ and h t (both close to one in the parameter space we will be interested in). 8 We cannot consider m Σ ≫ 5 TeV in the one-loop approximation. For that case we should improve the triplet radiative corrections in order to avoid perturbative problems.
lower bound coming from direct searches of stops [unlike in the MSSM, here the constraint m h ≃ 126 GeV does not impose a stringent bound on m 2 Q (even for A t = 0) because of the tree-level interaction
. As a rather natural value, in the rest of the paper we take m Q = m U = 700 GeV, which is in full agreement with experimental constraints if gluinos are not light [34] .
In summary, and unless explicitly specified, the parameter setting considered in this analysis is
The constraint m h ≃ 126 GeV and the SM-like point
In view of the recent ATLAS and CMS results [1, 2] we impose in the model the constraint that the lightest Higgs boson mass is around 126 GeV 9 . As discussed in section 2.1 the two lightest eigenstates of the squared mass matrix in eq. (2.8) are practically orthogonal to ξ 0 for large enough m 2 Σ . They have masses 18) and they are related to the original fields as
where the mixing angle α is determined by sin 2α = 2M . In the presence of radiative corrections the analytic solution is more cumbersome. It can be found in the Appendix and yields the critical values quoted in eq. (2.21). As the analytic expressions show, the dependence of tan β c and λ c on stop and triplet mass parameters is mild due to logarithmic suppressions and, in general, the larger these mass parameters the lower λ c and the higher tan β c (see Section 6 for a numerical example which in particular yields 0.85 λ c 1 and 1.5 tan β c 3 as typical values). Let us finally comment that Eq. (2.24) does not have a solution in the MSSM. On the contrary, in theories with an extra quartic coupling in the tree-level potential, as the present model containing the additional triplet or even in theories with extra singlets, there can be in general a solution which implies the existence of the discussed SM-like intersection point.
The Higgs couplings
The angle α plays a fundamental role in the interactions of the CP-even Higgses with the SM fields, as shown in Table 1 where the ratios r 0 HXX are the tree-level approximation of the quantities [33] r of them are equal to one at the intersection value (tan β c , λ c ). In particular this is so for r 0 hbb ( Fig. 2 left upper panel) . However moving away from the intersection point one can easily modify r 0 hbb by O(±1) factors, depending on the values of m A . On the other hand for either sufficiently large m A (decoupling region) or for parameter points near the SM-like intersection point (tan β c , λ c ), the bb and τ τ production via Higgs decays, which respectively behave like (r 0 hbb ) 2 and (r 0 hτ τ ) 2 at leading order, may appear in very good agreement with the SM predictions, provided that the other couplings take values close enough to the SM ones (more details will be given in section 4).
Radiative corrections can of course induce important modifications to the tree-level couplings. In particular, because of sbottom-gluino (stop-gluino) loops, the ratio r 0 hbb (r 0 htt ) gets renormalized as [36] r hbb = r
where M 3 and mb are respectively the gluino and sbottom masses (in the sbottom sector we consider m D = m Q and A b = 0). The couplings g htt and g hbb may then depart from the corresponding SM values in the presence of rather light gluinos and third generation squarks. The same effect does not instead arise for the decays involving the τ leptons and first two generation quarks because of the small tan β regime imposed by the requirement m h = 126 GeV (cf. left panel of Fig. 1 ). In Higgs search data these radiative corrections might be an important signature to discriminate experimentally the SM from the present triplet scenario if its parameters are close enough to the intersection point, the remaining Higgses cannot be detected and charginos are relatively heavy (i.e. if there is no sizeable Higgs diphoton enhancement, as we will discuss next). Radiative corrections are also crucial for loop-induced decays. Charginos can provide sizeable contributions to g Hγγ in addition to those of the top and W boson already present in the SM. Because of the electrically-charged triplet fermions, the effective coupling g hγγ can be enhanced much more than in the MSSM 11 , even though it does not differ from the SM coupling if charginos are heavy or from the MSSM one if µ Σ is large and λ is small. The consequent increasing of Γ(h → γγ) has been already studied in the decoupling limit [20] and here we extend that analysis to more general cases.
The chargino sector already contained in the MSSM (W ± ,H 
and their contribution to g Hγγ can be determined from the QED effective potential [4, 37, 38 ]
11 For an earlier analysis see Ref. [26] .
γγ to linear order in h i and projecting onto the Higgs eigenstates h, H one obtains
where A 1 (τ W ) ≃ −8.3 and A 1/2 (τ t ) ≃ 1.4. Eq. (3.6), which reproduces the result of Ref. [20] in the decoupling limit, shows that large enhancements can arise due to charginos. The exact amount of increase depends on many parameters which might be constrained by future searches at the LHC. For instance, in order to fulfill the chargino mass bound mχ± 1 104 GeV [25] with any sensible value of λ, one has to choose |µ| and |µ Σ | similar to (or larger than) those we are considering in this analysis. In the following we impose mχ± 1 = 104 GeV which, in turn, determines the value of M 2 along the curves β = β(λ; m A ) of Fig. 1 . In particular it implies M 2 (tan β c , λ c ) ≃ 164 GeV for our setting (2.16). Moreover at the intersection point (2.21) r hγγ has to coincide for all the curves β(λ; m A ), independently of m A , as a glance at expression (3.6) suggests and Fig. 2 (right lower panel) clearly confirms. Notice that at the intersection point, which depends on our parameter choice, the enhancement is r hγγ (tan β c , λ c ) ≃ 1.12, but for smaller m Σ (larger |µ| and |µ Σ |) a larger (smaller) r hγγ at the new intersection point is possible. More details on this issue will be presented in section 6.
Higgs production rates at the LHC
From the values of r HXX determined in the previous section one can compute the predicted signal strength R HXX of the decay channel H → XX, with H = h, H and X = W, Z, t, b, τ :
In particular for the gluon-fusion (ggF), the associated production with heavy quarks (Htt), the associated production with vector bosons (V H) and the vector boson fusion (VBF) production processes, one can write which requires for instance that there is no light colored supersymmetric particle (e.g. light stop) strongly coupled to the Higgs; ii) the invisible decay width of H into neutralinos is negligible 13 . Besides the Higgs diphoton width, in the decoupling limit all branching ratios of h are in quite good agreement with those of the SM (unless there are rare large radiative corrections in bb and tt channels), which are BR(h → bb) SM = 0.56, BR(h → τ τ ) SM = 0.06, BR(h → W W, ZZ) SM = 0.26, BR(h → gg, cc) SM = 0.11 at m h = 126 GeV (we also take Γ SM = 4.2 MeV) [40] . The phenomenology of this case has been studied in Ref. [20] 14 for large values of m A . In this paper we instead focus on the regime of small m A . As discussed below, the presence of light A, H and H ± might be the key signature to distinguish the triplet scenario from the SM at the LHC.
For m A = 140 GeV the behavior of the signal strengths R hXX along the curves β(λ; m A ) of Fig. 1 are exhibited in Fig. 3 . The decays originated by gluon (vector boson) fusion Higgs production are presented in the left (right) panel of the figure. As we can see, only thick lines, which correspond to the larger-tan β branch of solutions in Fig. 1 , are phenomenologically relevant if one requires the LHC observed excess to be related only to the lightest Higgs, as we do in this paper. We have fixed the relative signs of µ and M 3 such that sign(µM 3 ) < 0.
12 However, when r Htt ≪ 1, as it can be the case for the Higgs H, we consider also the correction from the bottom loop and then r 2 . 13 For a study where both assumptions are violated and the interplay between light stops and neutralinos is crucial to reproduce the LHC data, see e.g. Ref. [39] .
14 Some numerical discrepancies may be detected between the analysis of Ref. [20] and the present one which are due to the use of different inputs.
Because of this assignment, bb versus τ τ production is enhanced at λ 0.95. Had we chosen sign(µM 3 ) > 0 the bb (solid orange) curve would underlie the τ τ (blue dashed) line. On the other hand, different choices of M 3 and mb could have slightly increased or largely suppressed the relative enhancement with respect to the case plotted in Fig. 3 . Moreover notice that ∆(m b ) generates a relatively small splitting between bb and τ τ channels, especially at the intersection point (2.21), indicating a posteriori that radiative corrections which are subleading to ∆(m b ) are negligible, as we are assuming in this analysis.
An important issue highlighted in Fig. 3 is the possibility of having SM-like production and decay rates in the small-m A regime. At the intersection point (2.21) the signal strengths of bb, τ τ, W W and ZZ channels are as in the SM (unless of subleading corrections that can be modulated by different choices of the spectrum), with the notable difference of an about 25% excess in the diphoton Higgs decay, which could be reduced for larger values of chargino masses or increased for smaller values of m Σ , as discussed in section 6. Therefore values of (tan β, λ) near (tan β c , λ c ), as well as in the peculiar region around (tan β, λ) = (4.6, 0.995) of Fig. 3 , seem the most promising to adjust future experimental data once their statistical and systematic uncertainties had been reduced 15 . The main feature of the peculiar region arising around λ = 0.995 for m A = 140 GeV (it also exists for other small values of m A ) is that tan β is relatively large and sin α/cos β = O(1) (cf. Figs. 1 and 2 ). The production of W W, ZZ therefore reproduces the one predicted in the SM. The diphoton signal strength is also SM-like because the enhancement due to charginos is suppressed by the relatively large value of tan β yielding small cos(α + β) (α is positive and tan α ≃ 1/ tan β). Finally the production of bb is enhanced with respect to the τ τ production because the radiative correction ∆(m b ) is proportional to tan β. However, as stressed above, this relative enhancement can be reversed by changing sign(M 3 µ) or can be made tiny for other values of mb, µ and M 3 . In any case in this parameter region the model predicts h → τ τ rates that tend to be suppressed with respect to the SM in every Higgs production channel.
A last remark on the region with large values of λ (namely λ 0.95 for m A = 140 GeV): the signs of g hbb and g hτ τ are opposite to those in the SM but their absolute values are close to 1 [cf. Fig. 2 ; notice also that the small radiative correction in eq. (3.2) does not flip the sign of g hbb ]. These unusual signs are not ruled out in the regime tan β ≪ m t /m b that emerges in Fig. 1 . In such a case, indeed, the absolute values of the couplings g hbb and g hτ τ are much smaller than the top-quark Yukawa coupling, and interference in observables sensitive to either sign(g hbb ) or sign(g hτ τ ) are difficult to detect (unlike the case of sign(g htt ), see e.g. Ref. [41] ).
On the other hand even in the SM-like intersection region with all R hXX equal to 1 (but m A small), one can try to discriminate the SM from this scenario by looking at the remaining Higgs fields whose masses are in the energy range probed by the LHC. 1 could further dilute the fermion branching ratios without altering the signal strengths R hXX . Looking for signatures of light A and H ± seems therefore more promising. Quantifying the A and H ± field phenomenology is strongly parameter dependent and correlating it to the CP-even Higgs signatures would require dedicated analyses that we leave for future research. Nevertheless we can already envisage the main features since the A and H ± are expected to have signatures quite similar to those in the MSSM. Their couplings to the SM fields are indeed obtained by rotating by the angle β the CP-odd and charged components of H 1,2 , like in the MSSM. The relevant difference is of course the mass spectrum. For instance, for the cases where we can find R hXX ≈ 1, the relation m H ± > m t arises at even relatively small m A , unlike in the MSSM and its singlet extensions [cf. eq. (2.10)]. It thus escapes from the experimental constrains which focus on the possibility of the charged Higgs being produced as a decay of the top. The branching ratios BR(H ± → tb) and BR(H ± → τ ν τ ) are then expected to be the dominant ones, possibly along with BR(H ± → χ 0 1 χ ± 1 ) when the channel is kinematically accessible. Moreover, although strongly model dependent, some relevant constraints on the H ± radiative corrections are possible, e.g. the experimental measure of B → X s γ is expected to bound the H ± versus χ ± 1 space of parameters. Also the CP-odd Higgs signatures should be basically similar to those in the MSSM. The field A is produced only through gluon fusion and decays mainly into bottom pairs. Its tree-level coupling to weak vector bosons is zero and its decay into photons is two orders of magnitude smaller than the one of h [42] . Moreover for the case m A = 140 GeV that we have previously considered, the decay channel A → hZ is kinematically forbidden (it opens up at m A 217 GeV). Understanding whether the decay products of a light A field appear in the LHC Higgs search analyses as particles produced by the h decay, and therefore whether our parameter regions around the intersection points are actually compatible with the reinterpreted experimental data for low m A , would require a much more refined study than the one we have carried out here. In this sense we stress that the qualitative results we highlighted at m A = 140 GeV, are also valid at m A large enough not to introduce the above potential subtlety. On the other hand, the same problem would exist also in the MSSM. For this reason we expect that the experimental bounds on m A and m ± H in the present model are similar to those obtained in the MSSM 17 from direct searches. In particular since CMS and ATLAS mainly focus on the bottom signal for the Higgs in association with a weak vector boson [1, 2] , those bounds do not apply to the CP-odd Higgs as the latter is not produced in that channel.
Accuracy of the decoupling approximation
The results of the previous sections are obtained by neglecting the triplet-Higgs mixing terms in eq. (2.8). Here we check the goodness of this approximation for our choice m Σ = 5 TeV. First of all let us remind that in all cases neglecting the VEV of the neutral triplet field ξ 0 in the minimization and squared-mass equations is a consequence of the experimental constraint on the T -parameter which imposes m Σ 1.5 TeV if no parameter tuning is present. However for m Σ ∼ 1.5 TeV, although one can certainly neglect the value of ξ 0 , one cannot ignore the matrix elements
where 6 Some comments on the non-decoupling regime
As we have previously noticed the parameter m Σ can be lowered down to values around 1.5 TeV, consistently with electroweak experimental observables. However in the low m Σ region allowed by the experimental constraint on the T parameter, neglecting the off-diagonal matrix entries (5.1) is a rude approximation, as one can explicitly check. One then should study the model by a full numerical analysis which is outside the scope of the present paper. Instead we can easily investigate the low-m Σ scenario at the (phenomenologically interesting) intersection points fixing the Higgs mass m h = 126 GeV in the exact theory. At the intersection point, indeed, the lightest-Higgs production and decay rates are at treelevel those of the SM, and the effect of moving m Σ translates just in a modification of the actual value of (λ c , tan β c ) which the one-loop Higgs rates depend on (there is no explicit dependence on m Σ ).
The position of the intersection point in the (λ, tan β) plane as a function of m Σ can be easily deduced from the left panel of Fig. 6 . For a given point of the m Σ curve (dotted line), the point in the solid line having the same abscissa gives the coordinates (λ c , tan β c ) of the intersection point in the scenario with that particular value of m Σ . As already explained, departures of R hXX from one (with X a SM particle) appear at the intersection points only via loop effects. In particular the Higgs diphoton channel is extremely sensitive to the changes in (λ c , tan the diphoton signal strength at the intersection point approaches unity. Moreover, once the chargino spectum is fixed, the maximum R hγγ occurs 18 This fact can be easily related to the cancellation of the m In summary from this brief analysis at low m Σ it seems that rather large diphoton enhancements can arise in the most natural frameworks (i.e. m Σ small, as discussed in section 2.1). However, achieving a firm conclusion on the naturalness of a large diphoton excess would only be possible by a numerical study on the tuning needed in the chargino parameters (constrained by the T -parameter bound) and on the low-m Σ phenomenology occurring at (λ, tan β) different from the intersection point.
Conclusion
In view of the actual value of the Higgs mass provided by the ATLAS and CMS experiments at the LHC, the MSSM as a solution to the hierarchy problem loses part of its naturalness (as the theory requires heavy stops and large mixing) and thus develops a little hierarchy problem. A way to alleviate this issue is to enlarge the MSSM field content by singlets and/or triplets strongly (but perturbatively) coupled to the Higgs sector as they introduce additional tree-level contributions to the SM-like Higgs mass. On top of that triplets can also increase the γγ Higgs branching ratio by means of extra chargino loops in the process h → γγ, in agreement with recent data on diphoton production at the LHC. This fact was explicitly exhibited in a previous publication [20] focusing on the decoupling regime, i.e. assuming the next-to-lightest CP-even (H) and the lightest CP-odd (A) Higgses much heavier than the electroweak scale. In this regime the tree-level couplings in the decay rates h → bb, τ τ, tt, W W, ZZ equal the SM ones and only the departure of the process h → γγ is relevant. However, on the one hand the decoupling regime (where m A is much larger than the electroweak scale) introduces an extra inherent fine-tuning as cancellations between O(m 2 A ) terms are required to fix m 2 Z to its experimental value. On the other hand in the decoupling limit the SM-like Higgs is indistinguishable from the SM one in the channels dominated by the tree-level Higgs decays (only channels generated by loop corrections are modified) while the extra Higgs sector is very heavy and thus difficult to detect. These features make it interesting to consider the non-decoupling regime of supersymmetric theories.
In this paper we have considered the non-decoupling regime of the theory where a zero hypercharge triplet superfield is added to the MSSM. In this case, in which all the Higgs sector is light and within the LHC energy range, the issue concerning the phenomenological feasibility of the model is two-fold:
i) The prediction for σ(pp → h)BR(h → XX) should be in agreement with the experimental data at the LHC. It should then not deviate too much from the SM prediction, possibly except for the diphoton channel.
ii) The prediction for σ(pp → H)BR(H → XX) should explain why the state H (if kinematically accessible at the LHC) has not been detected.
Requirement i) has been positively fulfilled as in the considered theory there is, for any value of m A , a SM-like point at small tan β (whose value depends on the other supersymmetric parameters) for which all couplings between h and the SM fields equal the corresponding SM ones. Similar properties also arise in a second peculiar point which however seems to exist only for some specific choice of m A and supersymmetric parameters. Notably, the SM-like point does not exist in the MSSM but in principle it does in theories where singlets and/or triplets with non-zero hypercharge are introduced. Therefore all signal strengths of decay rates proceeding by tree-level diagrams satisfy the condition σ(pp → h)BR(h → XX) ≃ σ SM (pp → h)BR SM (h → XX) and thus they are in good agreement with experimental data. Large modifications can instead appear in branching ratios of loop-induced processes, as e.g. in the diphoton channel where we can find some large enhancement with respect to the SM result, depending on the chargino mass spectrum. As the value of the couplings of h and H to various final states are correlated we find strong suppressions of σ(pp → H)BR(H → XX) which can solve the issue ii) above. In fact we have found that the only relevant production rates are for H → bb, τ τ which are less than 10% the values expected in the SM for a Higgs of the same mass, and which might eventually be discovered at the high luminosity LHC14 or in a future linear collider. Of course once we have opened Pandora's box of a light scalar sector there are other processes which should be investigated, in particular those involving the pseudoscalar A and charged H ± Higgses, especially the former which is the lightest one. We have only briefly discussed some of the possible signatures for production and decay of A and H ± , partly due to the absence of experimental data for these particles. However a dedicated study, both theoretical and experimental, covering this region is worth in the future when more data concerning the Higgs sector will be accumulated at the LHC. Finally one can check analytically that the intersection points in the left and right panels of Fig. 1 correspond to the same parameter point. By using eq. (2.17) to express ∆ in eq. (2.20), one observes that at the point (A.6) sin α is independent of m A and in particular, as it occurs in the decoupling limit m A → ∞, it is sin 2 α c = cos 2 β c .
